As of today, March 30, 2020, when this Editorial is being written, the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), causal agent of the coronavirus disease (COVID-19) has been confirmed in more than 745,000 cases worldwide and has claimed the lives of more than 35,000 people.[@b1] In addition to the morbidity and mortality associated with COVID-19, this betacoronavirus has placed several of the world's major economies in strife, mainly in Western Europe and North America, paralyzing travel and regular social interactions, making COVID-19 undoubtedly one of the most important pandemics in human history.

While we are in the midst of battling this pandemic, we have already learned some lessons from a cruel teacher: a) the importance of a strong association that must exist between governments and the scientific community in implementing a broad range of measures to contain and, in the future, prevent this type of epidemic; b) the potential for this pandemic to indirectly, due to less available resources, increase liver-related outcomes morbidity and mortality, including liver transplantation; c) the necessity to develop new working practices in multidisciplinary teams that will provide appropriate levels of care for patients from intensive care units to the outpatient setting. COVID-19 may make virtual clinic visits through telemedicine the norm and not the exception in some parts of the world. However, there are many questions that have yet to be answered. One of the most important to resolve is the understanding of the devastating impact of SARS-CoV-2 in specific geographic regions, such as Spain and Italy.

To better understand the current pandemic, we have to start by analyzing the mechanisms that COVID-19 possesses to infect humans and cause disease. We can observe the close similarity of SARS-CoV-2 with the SARS-CoV virus of 2002, that shares the same interaction between the viral protein Spike (commonly referred to as 'S') and the angiotensin-converting enzyme-2 receptor (ACE2) in the host.[@b2] ACE2 is a protein with an important role in the regulation of cardiovascular, renal and liver function. It is highly expressed in the lungs and in other tissues, such as the liver (discussed later), intestine, and oral mucosa.[@b3] Further, ACE2 is expressed more in Asian males compared to females and to other ethnic groups, possibly contributing to the susceptibility of Asians for developing respiratory infections by coronavirus species.[@b4]

Interestingly, in SARS-CoV there was a correlation between the susceptibility to infection of airway epithelia with the state of cell differentiation, and with ACE2 expression and location. SARS-CoV replication has been observed in polarized epithelia, exiting mainly in the apical zone.[@b2] In this context, tobacco use is strongly associated with many lung diseases and cancer development. Although, strictly speaking no relationship has yet been proven to exist between COVID-19 and tobacco use, smoking is well-recognized to upregulate the expression of the epidermal growth factor receptor in polarized airway epithelial cells. It may therefore increase the susceptibility to infection by SARS-CoV-2 by deregulating the ACE2 receptor.[@b4] Considering that the European Region has the highest prevalence of tobacco use (29%) worldwide,[@b5] this may provide a possible explanation for the significant burden of COVID-19, as opposed to asymptomatic or mildly symptomatic infection seen in other parts of the world.

Moreover, the human genome is the basis for a large component of inter-individual phenotypic variability to disease. The discovery of the human leukocyte antigen (HLA) in the early 1970s clarified our understanding of the basis for many human diseases, especially in the field of infectious diseases,[@b6] through a more well-founded comprehension of the interaction between environmental and host factors.

During the 2002 epidemic of SARS-CoV, some studies found an association between the severity of disease and the HLA-B\*46:01 and HLA-B\*07:03 alleles in Taiwanese and mainland Chinese populations,[@b7]^,^[@b8] respectively. In contrast, expression of the HLA-DRB1\*03:01 allele conferred protection against the disease in both Taiwanese and mainland Chinese populations.[@b8]^,^[@b9] Surprisingly, a recent *in silico* analysis of viral peptide-HLA interaction that awaits publication suggests that the HLA-B\*46:01 allele could also impact the severity of COVID-19 and that the HLA-B\*15:03 allele could confer immunity to the disease.[@b10]

Vaccination policies between countries could be an important factor in susceptibility or protection against COVID-19. For example, it has been reported that the Bacillus Calmette-Guerin (commonly referred to as BCG) vaccine may confer protection against respiratory infections. Consistently, a recent study reported that countries that do not utilize the BCG vaccination routinely (Italy, the Netherlands, USA) have been most affected by COVID-19.[@b11]

From a hepatologist's perspective, COVID-19 must be of concern, especially since infection with this virus has led to complications in other organs. In the case of the liver, the first study conducted in patients diagnosed with COVID-19 pneumonia (NCP) found that 43 of the 99 patients developed a degree of liver injury characterized by an increase in aspartate aminotransferase (AST) and alanine aminotransferase (ALT);[@b12] one patient developed severe liver injury (ALT 7590 U/L, AST 1445 U/L). In the latter case, acute liver injury secondary to hypoxic hepatitis could not be excluded. In the study, 97 patients (98%) had a decrease in serum albumin and 75 (76%) had increased levels of lactate dehydrogenase --- a generalized systemic inflammatory response to the virus could explain these findings. Guan *et al.*[@b13] carried out the largest study in NCP patients that included 1099 patients from 552 Chinese hospitals. They noted that patients with severe pneumonia were more likely to develop abnormal aminotransferase levels as compared with those with mild and moderate disease. A recent meta-analysis of four studies has also suggested an increased level of ALT is observed in 29% of patients with COVID-19.[@b14] Yao *et al.*[@b15] undertook a multiple regression analysis and suggested that the appearance of liver injury was probably related to the critical illness itself, with elevations of aminotransferases in the first week and hypoalbuminemia from the second week; both appear to be reversible with resolution of infection.

We anticipate a question that hepatologists will be asked is whether COVID-19 directly targets the liver?

It is a matter of debate whether COVID-19 is directly responsible for the development of liver injury, or whether the observed changes are secondary to the systemic inflammation triggered by infection ([Fig. 1](#f01){ref-type="fig"}). The Chinese Digestion Association of the Chinese Medical Doctor Association and the Chinese Society of Hepatology of the Chinese Medical Association recently stated that the development of liver injury in COVID-19 patients might be related to any of the following: 1) a direct hit from this virus; 2) systemic inflammation; 3) hepatic ischemia and hypoxia; 4) pre-existing liver disease; and 5) drug-related liver injury (especially the use of antibiotics or other hepatotoxic drugs in critically ill patients).[@b16] As mentioned previously, ACE2 is expressed in other tissues, such as the liver.[@b3] Interestingly, hepatocytes do not express the ACE2 receptor as much as bile duct epithelial cells, suggesting that, at least in theory, biliary tract could be more susceptible to SARS-CoV-2-driven injury. However, in the studies conducted so far, no increase in bile duct injury markers, such as gamma-glutamyl transferase and alkaline phosphatase, has been observed. Moreover, SARS-CoV-2 viremia seems to be uncommon, despite severe pneumonia with high viral replication in the lung. The virus has been detected in feces, even several days after clearance on nasopharyngeal swaps. Patients with more advanced liver diseases, including hepatitis B, and those with lower serum albumin levels showed impaired prognosis. A viral translocation from the gut to the liver could allow the virus to reach the liver and promote hepatic injury.

![ **Mechanisms of liver injury induced by SARS-CoV-2.**\
Abbreviations: ACE2, angiotensin converting enzyme 2; AST, aspartate aminotransferase; ALT, alanine aminotransferase.](JCTH-8-109-g001){#f01}

A recent mouse model of acute liver injury with partial hepatectomy found that at day 1 post-hepatectomy, hepatic expression of ACE2 in rats was downregulated. From day 3, there was an up to two-fold increased expression of this receptor, with a normalization of values on day 7, when the liver recovered and hepatocyte proliferation ceased.[@b17] With this information, the authors proposed that the systemic inflammation derived from significant NCP could trigger liver necrosis and hepatocyte proliferation, upregulating the expression of ACE2 and therefore worsening liver injury. Similarly, liver biopsies from SARS-CoV patients showed a significant increase in mitotic cell numbers, with eosinophilic bodies and balloon-like hepatocytes,[@b18] supporting a role for SARS-CoV-2 in the development of liver injury.

Systemic inflammation and the subsequent multiple organ failure triggered by severe NCP would undoubtedly act synergistically in the development of liver injury. COVID-19 has been reported to upregulate the expression of pro-inflammatory cytokines, like IL-1β, IL-6, and tumor necrosis factor-alpha.[@b2] These cytokines are upregulated in a wide number of liver disorders, including viral hepatitis, metabolic associated fatty liver disease, and alcoholic liver disease. The use of antipyretics, such as paracetamol, and certain antivirals, like oseltamivir, lopinavir and ritonavir, for the management of COVID-19 has been widely reported to be associated with the development of liver injury.[@b19]

What precautions, then, should patients with chronic liver disease follow during this pandemic? Due to the exponential increase in cases of infection worldwide, it is very likely that gastroenterologists and hepatologists will encounter patients with chronic liver disease and concomitant COVID-19 infection.

In the case of viral hepatitis, there is still no reliable information that supports synergism with SARS-CoV-2. However, it is known that SARS-CoV patients with viral hepatitis are more prone to develop liver damage and severe hepatitis. This was likely due to enhanced replication of the hepatitis virus during SARS-CoV infection.[@b20] In this context, some HLA class II haplotypes, like DRB1\*1302, HLA-DR13, DQA1\*0501, and DQB1\*0301, have been related to acute and chronic hepatitis B virus persistence.[@b21] Thus, it would be useful to study risk-sharing alleles that might exist between viral hepatitis and COVID-19.

Patients with cholestatic diseases are another group that could present with more liver injury in the context of COVID-19 illness, as ACE2 is expressed in the epithelial cells of bile ducts. Moreover, immunocompromised states, such as those of individuals with cirrhosis and on immunosuppressive therapy, may place the patient at higher risk of severe illness. It has therefore been suggested that COVID-19 could accelerate the onset of complications in patients with compensated cirrhosis.[@b22] To date, we are uncertain about the effects of immunosuppression in these patients and in post-transplant liver patients. During previous outbreaks of coronavirus infections, it was suggested that immunocompromised patients (adults and children) are not at increased risk of infection compared to the general population.[@b23] However, if this pandemic has taught us anything, it is that the knowledge from previous experiences may not be generalizable to this new infection. A recent case report described a perioperative presentation of COVID-19 in a liver transplant recipient that jeopardized the graft.[@b24] The groups of people who need to take extra precautions may expand as we learn more about SARS-CoV-2.

Even though there is no consensus in the management of these types of situations, an expert panel of physicians from Wuhan, China provided a list of suggestions in terms of precautions to follow in patients with chronic liver disease.[@b25] They suggested avoiding home visits and going to crowded places, following a balanced diet, frequent handwashing of not less than 20 s, as well as adequate ventilation and cleaning of the home. For inpatients, they suggested treatment by only one physician and a nurse, with strict handwashing and disinfection after any rounds or procedures, provision of adequate personal protective equipment, and establishing a clean care area.

We are experiencing the full impact of the SARS-CoV-2 pandemic on our countries, our profession, and our patients. As we meet this crisis head-on, the analysis of epidemiology data can provide a valuable tool to assess the current evolution of the COVID-19 outbreak worldwide and to evaluate the impact of the countermeasures adopted, leading to the development of appropriate healthcare policies, targeting precious resources and equipment to all the clinical situations we encounter. While we wait for advances in treating the virus and the development of a vaccine, changes in personal behavior and widely available testing for the virus could really make a difference in the outcomes for our patients and healthcare workers, while preventing further spread within our communities. In other words, "be safe and use common public health sense". We are all in this crisis together.
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